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[57] Abstract 

This invention concerns a kind of metal modified SAPO-34 
molecular sieve catalyst used in the inversion of methyl alcohol 
or dimethyle ether into low- carbon olefin. The modifying metal 
element includes Cu, Co, Ni, Ca, Ba, or Sr. Binders and aperture 
medium are added in the amount of 30-80% and 1-15% of catalyst 
weight respectively. In the catalyst, the modifying metal ions 
are introduced with immersion technique during or after the 
synthesis of molecular sieve. The catalyst has high activity 
(the rate of inversion is close to 100%) when it is used in the 
reaction of methyl alcohol or dimethyle ether into low-carbon 
olefin. The product of low-carbon olefin, especially ethylene 
has high selectivity. The catalyst can be reused repeatedly. 
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Claims 



1. This invention involves a kind of metal modified SAPO- 
34 molecular sieve catalyst used in the inversion of methyl 
alcohol or dimethyle ether into low-carbon olefin, wherein the 
modifying metal element is Cu # Co, Ni # Ca, Ba, or Sr. The 
content of metal element is 0.01-0.15% of the weight of 
molecular sieve. 

2. According to the catalyst as described in Item 1 of the 
Claims, binders and "aperture medium are added in the amount of 
30 r 80% and 1-15% of catalyst weight respectively. The binder is 
one or two kinds of mixtures of Si0 2 , Al 2 0 3 or MgO. The aperture 
medium is sesbania powder, methyl carboxyl cellulose, or starch. 

3. According to the catalyst as described in Items 1 and 2, 
the modifying metal element is Ca, the binder is Si0 2/ and the 
aperture medium is sesbania powder. 

4. This invention involves the preparation method of 
catalyst as described in Item 1 of the Claims, wherein the 
preparation procedure is as follows: 

1) Apply conventional techniques to synthesize SAPO-34 
molecular sieve or directly select commercial SAPO-34 molecular 
sieve as the subject sieve; 
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2) Introduce modifying metal ions. 

a. In the synthesized SAPO-34 molecular sieve, add 
simultaneously soluble saline solution containing metal ions, 
such as nitrate solution so as to introduce metal cations into 
the molecular sieve; 

b. Apply immersion technique by using soluble saline 
solutions containing metal cations, such as nitrate solution to 
immerse SAPO-34 molecular sieve; 

3) Catalyst preparation 

Use the materials as described in Item 2 to add specified 
amount of binders and aperture medium. The product catalyst is 
prepared after going through the processes of drying at 50-120 °C 
and baking at 350~650°C for 1-8 hours. 
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Instructions 



Metal Modified Small Aperture Ph-Si-Al Molecular Sieve Catalyst 
and Its Preparation and Applications 
This invention concerns a kind of high selectivity, metal 
modified small aperture SAPO-34 molecular sieve catalyst with 
dimethyle ether or methyl alcohol as the raw material for use in 
preparing low-carbon olefins such as ethylene and propylene, the 
preparation method, and the application of this kind of catalyst 
in synthesizing low-carbon olefins such as ethylene and 
propylene . 

Ethylene and propylene are two kinds of basic raw materials 
with the largest masses and multiple application purposes in 
petrochemical industry. They are acclaimed as mother of modern 
organize synthesis industry. Many industrial developed nations 
in the world have been competing in the development of 
production techniques in this aspect. Until today, however, 
ethylene and propylene are still mainly produced through the 
traditional industrial production method of light oil splitting 
decomposition from crude oil raw materials. The impact of two 
oil crises in 1970s promoted what was called C x chemical research 



1 Numbers in the margin indicate pagination in the foreign text. 
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and development focusing on preparation of pulp carbon olefin or 
gasoline fuel from non-crude oil raw materials, and started an 
upsurge worldwide on the research in Ci chemistry. The most 
representative research achievements in this aspect was two new 
manufacturing techniques of low-carbon olefins (MTO) and 
gasoline (MTG) with methyl alcohol as the raw material and ZSM-5 
zeolite as the catalyst made by the U.S. Mobile Corporation in 
mid 1970s. After that, attempts have been made in using 
erionite, rhodopotassium zeolite, silk zeolite, ZSM-34, or ZSM- 
45 as MTO process catalyst. In mid 1980s, the U.S. United Carbon 
Compound (U.C.C.) developed small aperture Ph-Si-Al SAPO-34 
molecular sieve as a new generation catalyst used in the MTO 
anodization of active substrate. This catalyst is advantageous 
in that its ethylene selectivity is twice as high as that of 
medium-size aperture ZSM-5 catalyst and reaches 50-60%. In early 
1990s, the applicant of this invention once presented a new 
reaction technical process (called SDTO) of making low-carbon 
olefins from dimethyle ether, as seen in the document of Chinese 
Patent Publication No. CN1067878A. Afterwards, the applicant 
presented a series of SAPO-34 molecular sieve catalyst 
preparation methods used in the new technical process, as well 
as the technique for transformation of methyl alcohol or 
dimethyle ether into low-carbon olefins, which are documented in 
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the Chinese Patent Publication No. CN1087292A, CN1096496A, and 
CN1106715A. The raw materials used in the SAPO-34 molecular 
sieve preparation method under the above-mentioned techniques 
are resourceful and cost-effective. The catalyst offers very 
high conversion rate and high low-carbon olefin selectivity in 
methyl alcohol and dimethyle ether transformation reactions, and 
therefore can be used in industrial production. Compared to 
medium-size aperture ZSM-5 zeolite, the small aperture SAPO-34 
molecular sieve has higher selectivity to low-carbon olefins in 
the MTO process. However, its surface acidity is still 
inappropriate and has to be revised in order to further enhance 
the selectivity to low-carbon olefins, especially the 
selectivity to ethylene. 

[2 

The purpose of this invention is to provide a small 
aperture SAPO-34 molecular sieve catalyst having high catalytic 
activity to the transformation reaction of methyl alcohol and/or 
dimethyle ether into low-carbon olefins and having high 
selectivity to reaction product, especially to ethylene. 

To achieve the invention objective, the inventor made 
further research based on early studies and proposed an improved 
scheme. First, different metal ions such as two-valence Cu, Co 
or Ni ions and especially Ca, Ba, or Sr alkaline -earth ions are 
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introduced in the synthesizing process. The content of metal 
ions is 0.01-0.15%, and 0.05-0.1% at best, of the weight of 
molecular sieve. The introduction of these metal cations can 
help adjust surface enzymes and change the size of aperture of 
SAPO-34 molecular sieve in order to improve ethylene 
selectivity. The modification of SAPO-34 molecules can be 
conducted after the molecules are synthesized. The above- 
mentioned metal ions can be introduced through ion exchange or 
metal -salt immersion. Besides, the water heat treatment in 
700-800 °C conditions can be applied for further adjustment. The 
above modification approach can help adjust acidity, modify 
aperture size, and stabilize the framework of SAPO-34 molecular 
sieve. 

Secondly, zeolite molecular sieve has poor self-binding 
property. As such, it is essential to add certain amount of 
binders in order to improve the mechanical intensity of 
catalyst. The proper binders meeting the practical requirements 
shall be weak acidity or alkaline materials, and are best 
neutral oxidate materials such as SiP 2 , Al 2 0 3 , Ti0 2 , MgO, CaO and 
their mixtures. The addition accounts for 30-80% weight of the 
molecular sieve. At the same time, certain amount of organic 
aperture medium shall be added for the purpose of undertaking 
secondary catalyst aperture determination. The materials that 
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can be used as aperture medium mainly include methyl carboxyl 
cellulose, starch, and sesbania powder. The consumption of 
aperture medium is 1-15% catalyst weight. Specifically, the 
catalyst preparation procedure is as follows: 

1. Synthesize of SAPO-34 molecular sieves. This can be done 
with conventional techniques or commercial SAPO-34 molecular 
sieves . 

il 

2. Introduce metal ions. 

a. In the synthesized SAPO-34 molecular sieve, add 
simultaneously soluble saline solution containing metal ions, 
such as nitrate solution so as to introduce metal cations into 
the molecular sieve; 

b. Apply immersion technique by using soluble saline 
solutions containing metal cations, such as nitrate solution to 
immerse SAPO-34 molecular sieve; 

3 . Prepare catalyst . 

Use the materials as described in Item 2 of the Claims to 
add specified amount of binders and aperture medium. The. product 
catalyst is prepared after going through the processes of drying 
at 50~120°C and baking at 350~650°C for 1-8 hours. 

The above catalyst is used in the transformation reaction 
of methyl alcohol and/or dimethyle ether into low-carbon olefins 



with the following reaction conditions: The reaction temperature 
is 500-600°C. The optimum temperature is 530-570°C. The reaction 
pressure is constant pressure. The most appropriate pressure is 
0. 01-10. 05MPa. The reactant feeding speed in vacancy is 1-lOOh" 1 . 
The optimum speed is 4-lOh' 1 . Upon losing its activity, the 
catalyst can be burnt to regenerate in the following conditions: 
The regeneration temperature is 550-650°C. The optimum 
temperature is 590-6 10 °C. The regeneration time is 5-3 0 minutes. 
The best regeneration time is 8-12 minutes. The. catalyst can be 
burnt in the air, nitrogen and air, or the air containing 
saturated vapors. The techniques employed in the invention are 
further explained through the following implementations. 

Implementation example 1: Preparation of SAPO-34 molecular 

sieve 

Add the solution containing 86. 4g normal phosphate and 165g 
de-ionized water into the solution containing 109. 8g zeolite 
(the water content is 31.7%) and lOOg de-ionized water, and the 
solution containing 333. 5g silicon colloidal sols (the Si0 2 
content is 26.45%), 58. 8g NaOH, and 21. lg de-ionized water. The 
mixture solution is well mixed and. then added with 78. Og 
triethylamine and 21. lg de-ionized water. Stir the mixture for 3 
hours until it is evenly mixed. Load the mixture into a 
stainless stilllage. Apply ageing at room temperature for 48 
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hours and then apply crystallizing process at 200 °C for 50 
hours. The product is filtered, cleansed, and dried (at 120°C 
for 24 hours) . The X-ray powder diffraction confirms that the 
product is pure SAPO-34 molecular sieve. 

Implementation example 2: Preparation of modifier- included 
SAPO-34 molecular sieve 

Bake SAPO-34 molecular powder obtained in implementation 
example 1 for 2 hours at 350 °C, 2 hours at 450 °C, and 3 hours at 
550 °C. Take 25g original baked powder and place in 250ml, 10% 
concentration calcium nitrate water solution. Stir the solution 
at 80°C and filter out unnecessary solution. Bake for 24 hours 
at 110°C and 4 hours at 550°C to obtain Ca-contained SAPO-34 
molecular sieve (Ca ++ content is 0.05%wt in finished product). At 
this point, the intensity of surface acid of the molecular sieve 
is weaker than that of the prototype molecular sieve (TPD de- 
ammonia method shows that the acidity of modified catalyst is 
bout 50% that of prototype SAPO-34 molecular sieve catalyst) . 
Moreover, the thermal stability of the molecular sieve is 
improved. The destructive peak temperature of the molecular 
sieve framework is enhanced from 1060~1100°C in the prototype 
sieve to over 1200 °C in the modified sieve. 

Implementation example 3: Preparation of catalyst 
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Take 25g molecular sieve obtained from implementation 
example 2. Add 94. 4g silicon colloidal sols (the Si0 2 content is 
26.5%wt) and 2g sesbania powder. Fully and evenly stir the 
materials and then undertake spraying and forming operation on 
spraying and drying equipment at 150 °C to make microspheric 
finished catalyst C with the average particle variation of 
40~60pm. The pile-equivalent weight of the catalyst is 0.62g/cm 3 . 
The wear-away loss of the catalyst under 2000h cold impact at 
room temperature is less than 20%wt. Repeat the above method but 
without adding sesbania powder to make catalyst D. The catalyst 
aperture structure is listed in Table 1. 

Table 1 Effect of Aperture Medium on Aperture Structure 



Sample 


Aperture 


BETU 


Aperture 


Micro- 


Average 




Medium 


Surface 


Volume 


aperture 


Aperture 




Amount 


M7g 




Volume 


Diameter 




wt% 






ml/g 


A 0 


C 


8 


267.52 


0.2223 


0.0908 


25.06 


D 


0 


175.07 


0.3326 


0.0278 


54.64 
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Implementation example 5: Catalyst property 
In the transformation reaction of methyl alcohol into low- 
carbon olefins, employ fixed-bed catalyst reaction apparatus. 
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The reactor is a silicon glass tube. The charge amount of 
catalyst is 1.28g. Before the reaction starts, increase the 
catalyst temperature in 60ml nitrogen flow to 550 °C and activate 
for 1 hour. The reaction raw material is carried into the 
reactor by nitrogen. In the reaction raw material, the mole 
content of methyl alcohol is 3 5%. The weight speed in vacancy 
WHSV of methyl alcohol is 2b" 1 . The reaction pressure is O.OSMPa. 
The reaction is undergone for 1 hour under 400 °C condition. The 
sieves A,- B prepared in implementation examples 1 and 2 are used 
as catalyst. The reaction results are shown in Table 2. 
Table 2 



Catalyst 


Methyl Alcohol 


C 2 ~ Selectivity 


cr-c; 




Conversion Rate 


(%) 


Selectivity {%) 




(%) 






A 


100 


40.77 


45.33 


B 


100 


49.03 


41.53 



Implementation example 5: Catalyst property 2 
The fluidized bed reaction apparatus is used. The fluidized 
reactor is made of silicon glass. Treat SAPO-34 molecular sieve 
catalyst C provided in implementation example 3 for 24 hours at 
600 °C to obtain finished catalyst E. Fill 15ml (about lOg) 
catalyst E in the fluidized reactor and pump into methyl alcohol 
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or dimethyle ether as reaction raw materials. Before the formal 
reaction test is started, use pure nitrogen to conduct 
activation treatment to catalyst El for 1 hour at 550°C, and 
then switch in reaction of transformation of methyl alcohol or 
dimethyle ether into low-carbon olefins. The results of reaction 
after 10 minutes in the conditions of 550 °C reaction temperature 
and 6.45h' 1 weight speed in vacancy of methyl alcohol (or 7 . 16h~ x 
weight speed in vacancy of dimethyle ether) are listed in Table 
3. 
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Table 3 



Reaction Raw 


Olefin Product Composition %wt 


Material 


CH 4 


C 2 H 4 


C 3 H 6 


c; 


~Q 


Methyl Alcohol 


6.33 


62.79 


22 .34 


89 


.57 


Dimethyle Ether 


6.42 


59.35 


24 .22 


88 


.32 



Implementation example 6: Catalyst property 3 
Apply exactly the same fluidized reaction apparatus and 
catalyst E as the above implementation example 5. Use methyl 
alcohol as the reaction raw material. Change the reaction 
temperature and methyl alcohol feeding weight speed in vacancy 
and then conduct reaction for 10 minutes. The reaction results 
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are listed in Table 4. In all reaction conditions, the 
conversion rate of methyl alcohol is 100%. 
Table 4 



Reaction Conditions 


Olefin Product Composition %wt 


Temperature °C 


Methyl Alcohol 
Weight Speed 
in Vacancy h" 1 


CH 4 


C2H4 


C 3 H 6 


q-c; 


450 


5.0 


2.0 


31.0 


38.2 


78.4 


490 


5.0 


3.0 


35.4 


36.3 


83.2 


530 


5.0 | 


4.4 


45.6 


30.5 


87.8 


550 


5.0 


6.3 


52.4 


23 .4 


89.0 


570 


5.0 


9.8 


60.3 


22 .1 


87.3 


550 


3 . 0 


6.5 


51.2 


28.5 


88.3 


550 


6.0 


6.2 


58.1 


23.2 


89.5 


550 


10.0 


6.0 


62 .3 


20 . 0 


90.2 



/i 

It can be seen that the proper reaction temperature range 
is 530-550 °C / while the proper weight speed in vacant for methyl 
alcohol is 5 .0-10 . Oh" 1 . 

Implementation example 7: Catalyst regeneration test 
Apply exactly the same fluidized reaction apparatus and 
catalyst E as the above implementation example 5. Use dimethyle 
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ether as the reaction raw material. Conduct repeated reaction 
and catalyst regeneration test to catalyst E. The regeneration 
test results show that in 550-650 °C temperature range, catalyst 
decoking can be done directly through burning in the air. If the 
applied regeneration temperature is lower, the coking time is 
longer, and vice versa. In all of the tests, coke can be removed 
in its entirety to restore the catalyst activity. For example, 
to remove coke at 550 °C, the regeneration can be done in 30-40 
minutes. If the burning temperature is 650 °C, then the 
regeneration can be done in 5 minutes. The proper coke burning 
temperature is 600 °C. The test results after reaction for 10 
minutes in the air are shown in Table 5. 
Table 5 Results of 100 Times Regeneration Test 



Regeneration Times 


0 


10 


30 


60 


80 


100 


Reaction Temperature °C 


550 


530 


530 


530 


530 


530 


Olefin Selectivity % wt 














C 2 = Selectivity (%) 


35.66 


49.49 


52.55 


52.53 


52.33 


50.69 


C; Selectivity (%) 


30.76 


34.09 


34.45 


31.45 


32.08 


35. 88 


C;-C; Selectivity (%) 


87.16 


92.19 


94.81 


92.51 


92.66 


93 .46 



Reaction conditions: The weight speed in vacancy for dimethyle 
ether is 2. Oh" 1 . 



The conversion rate of dimethyle ether is -100%. 
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